ABSTRACT We studied the effect of feed withdrawal and cold water on the growth performance and health status of 180 Muscovy ducklings (28 days old) during the summer season. The experiment used a 3 × 2 factorial design consisting of 3 and 2 feeding and water systems, respectively. The birds were divided into 6 experimental groups of 30 birds each (10/replicate). The 3 feeding systems were ad libitum, full-feeding (AD); afternoon, feed withdrawn from 8 am to 2 pm daily (AF); and diurnal, feed withdrawn from 2 pm to 8 am daily (DI). The 2 water systems were tap water (TW) or cold water (CW). The results indicated that the different feeding systems with cold water positively affected the growth performance, dressed carcass, liver, gizzard, meat tenderness, juiciness, susceptibility, body temperature, tonic immobility, and blood biochemistry (glucose, aspartate aminotransferase, alanine aminotransferase, total antioxidant capacity, and malondialdehyde) of Muscovy ducklings. However, no differences in percentages of plumage, leg problems, breast blister scores, and most blood parameters were found among all groups. In conclusion, AF feeding of ducklings in combination with CW during hot conditions was more suitable than other feeding methods.
INTRODUCTION
In hot environments, duck producers face many obstacles to the well-being of birds such as heat stress at the beginning of each summer (Etuk et al., 2006) . The high ambient temperatures that occur during the summer stress the birds and evoke a combination of behavioral, immunological, and physiological changes (Farghly and Abou-Kassem 2014; Abd El-Hack et al., 2017a,b; Farghly et al., 2018a) . For example, heat stress significantly depresses appetite and feed consumption, thereby increasing the time needed to reach marketing weight (Akinola et al., 2015; Alagawany et al., 2017; ElKholy et al., 2017) , and it disturbs the mineral balance, hormonal secretions, blood metabolism, and immune function (Aengwanich, 2007; Abd El-Hack et al., 2018; El-Kholy et al., 2018) . Accordingly, there has been substantial interest in reducing the negative effects of high summer temperatures (Farghly, 2012) .
Several techniques have been used to alleviate the detrimental effects of heat stress on the performance of ducks (El-Shafaei et al., 2016) . The optimal room temperature for ducks ranges from 10 to 15
• C (Huang et al., 2008) . High environmental temperatures could result in a remarkable depression in appetite, feed consumption, metabolizable energy for growth, and desired carcass traits, thereby increasing the time needed to reach marketing weight and lowering the profitability (Sterling et al., 2003) . Additional considerations are not only how to protect ducks from negative environmental influences but also how to provide positive environmental features to improve their welfare (Aengwanich, 2007) .
Some potential strategies have been reported on how to alleviate the impacts caused by heat stress (Daghir, 1996) . Water is not only one of the most important nutrients for birds but it also is functionally necessary to maintain body temperature of birds. Under heat stress conditions, water loss prevents birds from properly maintaining bird's body temperature. Park et al. (2015) reported that broilers with access to cold water (CW) consumed more feed than those given access to tap water (TW). In a recent study, Farghly et al. (2018a) stated that the access to CW improved (P < 0.05) the feed conversion ratio (FCR) and increased 251 feed consumption (FC) of Muscovy ducklings. The optimal time of the day for poultry feeding, especially in hot regions, could be considered one of the most important factors in the body thermoregulation of birds (Avila et al., 2003; Ashour et al., 2004) . Therefore, the present study aimed to investigate the effects of different feeding times with CW during the hot periods of the day on growth performance, meat quality, blood and health indexes of growing Muscovy ducklings in open houses under subtropical conditions.
MATERIALS AND METHODS

Ethical Statement
The present study was carried out at the research poultry farm of the Poultry Production Department, Faculty of Agriculture, Assiut University, Assiut, Egypt. All experimental procedures were carried out according to the Local Experimental Animal Care Committee and approved by our institutional ethics committee of the Department of Poultry Production, Faculty of Agriculture, Assiut University, Assiut, Egypt.
Design, Birds and Diets
We studied the effect of feed withdrawal and CW on the performance of 180 Muscovy ducklings (28 days old) during the summer season. A 3 × 2 factorial design was used, which consisted of 3 feeding and 2 water systems with 6 experimental groups each of 30 birds each (10 per each replicate). The 3 feeding systems were ad libitum, with full-feeding (AD); afternoon, with feed withdrawn from 8 am to 2 pm daily (AF); and diurnal, with feed withdrawn from 2 pm to 8 am daily (DI). The 2 water systems were tap water (TW) or cold water (CW). All the groups were raised under similar housing conditions. The experimental birds were fed a diet containing adequate levels of nutrients recommended by NRC (1994), including 20% crude protein and 3,000 kcal/kg till they were 16 wk old. The birds were maintained under a constant 16-h light:8-h dark photoperiod in the housing facility with a light intensity of 10-20 lux/m 2 during the experimental period.
Management
The daily and periodical (4 weekly) averages of the environmental temperature and RH were recorded, and then the temperature-RH indexes (THI) were calculated according to the formula of Lphsi (1990) as follows: THI = db
• F- ), where db
• F = dry bulb temperature and RH = RH%/100 (Figures 1-3 ). Minimum and maximum temperatures, RH, and THI during the experimental period (June to September) ranged between 24.3 and 35.8
• C, 43.2 and 61.8%, and 34.5 and 40.7, respectively, indicating that the birds were under severe heat stress during the whole experimental period.
Measurements
The measured traits were body weight (BW), daily body weight gain (BWG), feed consumption (FC), and feed conversion ratio (FCR). Birds were individually weighed to the nearest gram, and their group FC was determined at 4, 8, 12, and 16 wk old. At 16 wk old, 3 birds per group as representative samples were killed. Each carcass was manually dissected, and the following measurements were recorded: weights and percentages (of the final BW) of the carcass, dressing (carcass plus giblets weight), and intestinal tract (after removing the contents). Weights and percentages (of carcasses) of the liver, heart, gizzard, and abdominal fat were also recorded. Blood samples were collected in heparinized tubes for plasma separation, and other samples were collected in sterile tubes without heparin for collection of serum. Body temperature (
• C) was measured using a rectal thermometer inserted for 2 min at a depth of 2 cm during the midday. Health conditions such as of the plumage and legs (foot pad burns, hock discoloration) as well as breast blister scores were recorded. The number of dead birds was recorded daily and expressed as a percentage during the experimental period. The blood samples were centrifuged at 3,000 rpm for 15 min and the obtained plasma and serum were stored at -20
• C until the analysis. Total protein, albumin, globulin, A/G ratio, total cholesterol, alanine amino transferase and aspartate aminotransferase, malondialdehyde (MDA), and total antioxidant capacity were determined in serum spectrophotometrically using commercial diagnostic kits provided from Spectrum Co. (Giza, Egypt), whereas glucose was measured in plasma using commercial diagnostic kits provided from Biodiagnostic Co. (Giza, Egypt).
Statistics
The collected data were subjected to an ANOVA using the General Linear Models Procedure of SAS R software, SAS Institute (SAS R , 2009 ). All means were tested for significant differences using Duncan's multiple range test at a 5% level (Duncan, 1955) . The carcass and organ percentages were transformed into Arcsin values and then re-transformed into the original values after the analysis.
The model used was
where Y ij = an observation, μ = the overall mean, D i = fixed effect of feeding systems, A j = fixed effect of water systems, DA ij = fixed effect of interaction between feeding systems and water systems (j = 1, 2. . . .. and 6) and e ij = random error associated to each observation.
RESULTS AND DISCUSSION
Growth Performance
The results in Table 1 highlight the effect of different feeding systems on the BW and BWG of Muscovy duckling reared for up to 16 wk of age. Feeding systems differently (P < 0.01) affected the BW of the birds only at 12 and 16 wk of age, and from 8 to 12 and 4 to16 wk of age for the BWG. It is obvious that AF feeding method resulted in the best BW and BWG compared to the AD and DI feeding methods. This improvement could be attributed to beneficial effects of feeding the birds in the afternoon (heat dissipation) when the ambient climatic temperature was adequate, and the harmful effects of the high summer temperatures could be partially avoided. The present results are similar to those of Bouvarel et al. (2004) who reported that birds fed in the afternoon had higher (P < 0.05) BW than those fed at noon did. Similar results were also found by ElHammady et al. (2012) where chickens fed from 6 pm to 2 am showed better (P ≤ 0.05) BW, BWG, BW change, and feed efficiency. These results are in agreement with those found of Wilson et al. (1989) , who stated that feeding time is a factor that may lead to heat stress, due to the heat increment produced by exothermic reactions that occur during feed metabolism. The heat increment after feeding birds in the morning was higher after 5 h than that in birds fed in the evening. Similar results were found by Arjona et al. (1988) who stated that exposing growing and laying hens in the summer season to a temperature higher than 35
• C with 30 THI units (severe heat stress) evokes different detrimental changes in their biological functions. These changes led to a remarkable depression in appetite, feed intake, and the metabolizable energy for growth, as well as decreased efficiency of feed utilization (Arjona et al., 1988) . Furthermore, there were disturbances in the metabolism of water, energy, and protein, as well as in the mineral balances with decreased resistance leading to increased mortality. Farghly (2010) found a remarkable increase in the BW of Japanese quail fed at 2100 to 0300 h than those of birds fed at 0900 to 1500, 1500 to 2100, and 0300 to 0900 h. On the other hand, Demir et al. (2004) and Oyedeji and Atteh (2005) found that birds fed AD achieved the heaviest BW compared to other groups. On contrary, no significant impacts were observed on BW and BWG due to feeding restriction (UrdanetaRincon and Leeson (2002) .
Comparing with TW, CW statistically increased (P < 0.01) the BW at 12 and 16 wk old and the BWG from 8 to 12, 12 to16, and 4 to 16 wk old (Table 1) . This finding could be attributed to the reduction in panting rate by CW and the maintenance of homeostasis in the CW-treated birds, as previously demonstrated by Abioja et al. (2010) . This is especially in agreement with the results of May et al. (2000) , who postulated that the growth rate of birds is reduced when the ambient temperature increases because panting birds consume less feed than those with unlabored breathing do. Indeed, heat stress causes a variety of physiological responses including the release of corticosteroids, such as corticosterone, which can limit the BWG of poultry (Gross and Siegel, 1981) . In contrast, CW ameliorates the effect of heat stress, thereby allowing birds to gain more weight (Abioja et al., 2010) . Similar results were obtained by Abioja et al. (2011) , who reported that the weekly and total BWG of broilers with access to CW were greater (P < 0.001) than those of broilers only allowed access to water at ambient temperatures (TW). Furthermore, Dei and Bumbie (2011) demonstrated that wet feed improves the growth performance and feed intake and reduces the heat stress damage to broilers grown in tropical regions. Park et al. (2015) also found that broilers provided with CW were heavier than those provided with TW. Recently, Farghly et al. (2018a) found that the water system also affected the BWG of ducklings, and the CW system yielded heavier (P < 0.01) ducklings at 12 and 16 wk of age and greater (P < 0.05 or 0.01) BWG values at all studied periods, compared to the TW system. The interaction between feed and water systems was different only at 12 and 16 wk of age for BW, and from 8 to 12, 12 to 16, and 4 to 16 wk old for the BWG. The interaction between AF and CW showed the best BW and BWG value compared to that of the other interactions. Moreover, birds subjected to the combination of DI and TW were lighter than those exposed to other feeding systems (Table 1) .
Feed Consumption (FC) and Feed Conversion Ratio (FCR)
As shown in Table 2 , during the last (12 to 16 wk) and entire (4 to 16 wk) periods, AF feeding enabled the ducklings to eat more feed (P < 0.05) than AD and DI feeding of ducklings. The FCR was also improved more (P < 0.05) in the AF group than in the other feed system groups (Table 2) . Keshavarz (1998) attributed the greater feed intake during the afternoon than during the morning to an increased appetite. Most of the heat load of the birds is produced by the diet, as a consequence of nutrient digestion, absorption, metabolism, and excretion. Moreover, these differences could reflect changes in the secretions of hormones such as growth hormone and insulin that may be affected by feed intake (Su et al., 1999) . These results are in agreement with those of Urdaneta-Rincon and Leeson (2002) and Novel et al. (2009) who showed a significant improvement in FCR in feed restricted compared to the AD fed broilers. Our results are in agreement with those reported by Roland et al. (1972) , who found that feeding laying hens from 2 pm to 10 am improved the FCR compared with that of birds fed from 6 am to 2 pm. Keshavarz (1998) reported that the FCR of broilers fed from 1 to 9 pm was superior to the that of birds on other dietary treatments. Similar results were also found by Abd El-Hakim and Abd-Elsamee (2003), who showed that feeding time significantly improved the feed conversion. Farghly (2011) found that changing the feeding time improved (P < 0.05) the FCR compared to that of the control growing Japanese quail. Furthermore, El-Hammady et al. (2012) reported that the FCR and FC were better in birds fed in the afternoon than in those fed during other periods. The timing of feed restriction is important for the expression of genes necessary for muscle satellite cell proliferation and the morphological development of the pectoralis, the major muscle in birds (Velleman et al., 2014) . Farghly and Makled (2015) found that broiler chickens that were intermittently fed could compensate the partial depression in BW until the age of 3 wk under a restricted feeding time. This may be the result of the gradual physiological adaptation of the birds to the feeding system mainly due to the improvement of feed efficiency.
Access to CW increased (P < 0.01) the FC of birds from 8 to 12 and 4 to 16 wk of age and improved (P < 0.01) their FCR from 12 to 16 and 4 to16 wk of age, compared to access to TW as shown in Table 2. Similarly, Glatz (2001) demonstrated that the consumption of feed by layers was enhanced by access to CW for the first 4 wk of treatment and less so after that. Park et al. (2015) reported that broilers with access to CW consumed more feed than those given access to TW. In a recent study, Farghly et al. (2018a) stated that the access to CW improved (P < 0.05) the FCR and increased FC of Muscovy ducklings. However, Okelo et al. (2003) reported that CW did not affect either the FC or FCR of broilers kept under heat stress conditions. The combination of feeding and water systems also caused differences (P < 0.05 or 0.01) in the FC and (P < 0.01) FCR at all studied periods except from 4 to 8 wk of age. More specifically, the pairing of the AF and CW treatments yielded the greatest FC and the best FCR values (Table 2) .
Carcass Traits
The data presented in Table 3 show the effect of different feeding times on carcass traits and meat quality scores. For the carcass traits, only the dressed weight was differentially affected (P < 0.01) by the different feeding systems. The best-dressed weight was found in the AD group compared with that of the AF and DI groups. Excluding color and flavor, all meat quality scores statistically differed because of the varying feeding systems. It is obvious that the AF group showed the best tenderness (P = 0.0408), juiciness (P = 0.006), and susceptibility (P = 0.032) compared with those of the other groups. In partial accordance with our results, Farghly (2012) reported no differences (P > 0.05) in the proportions of the giblets, liver, gizzard, heart, legs, neck plus back, spleen, and intestine after feeding time manipulation during the summer season. Velleman et al. (2014) found that timing of feed restrictions in chickens is critical in fat deposition, expression of adipogenic genes, and the development of the pectoralis major muscle. Farghly and Makled (2015) found that intermittent feeding did not have a different effect on most carcass characteristics and meat quality except the drumstick, liver, and abdominal fat percentages as well as meat tenderness, juiciness, and ether extract percentage than non-intermittent feeding. However, Farghly and Hassanien (2012) did not discover any different effects on the sensory characteristics except juiciness due to feeding restrictions compared to unrestricted feeding. El-Fiky et al. (2008) demonstrated that the liver weight as a percentage of pre-slaughter weight was affected by the feeding frequencies. Camacho et al. (2004) claimed that feed restriction had no different effect on abdominal fat weight compared to unrestricted feeding. Petek (2000) showed that broiler chickens in the 6-h feed removal group had heavier liver, gizzard, heart, and carcass weights than those of the AD fed and 3-h feed removal groups.
The access to CW resulted in higher (P < 0.05 or 0.01) values of liver, gizzard, tenderness, juiciness, and susceptibility than access to TW (Table 3) . Farghly et al. (2018a) found that the water system only affected gizzard weight (%), meat tenderness, juiciness, and susceptibility differently (P < 0.05 or 0.01), and ducklings with access to CW exhibited greater values than those with access to TW for each of these characteristics. Similarly, Abioja et al. (2011) suggested that water temperature did not have a different effect on either dressed weight or relative giblet weight, compared to birds provided TW. However, Park et al. (2015) reported that CW did not have a different effect on the relative gizzard weight than other water treatments.
The combinations of the different feeding times and water systems had different effects on dressed and liver weights, meat tenderness, and susceptibility. The interaction between TW and AF, CW and AD, and CW and AF showed the best values for the characteristics described above, excluding the dressed weight. The Means in the same column with a common superscript letter following them are not significantly different (P < 0.05).
highest value of dressed weight was observed with the combination of CW and AD compared with that of the other interactions.
Blood Constituents
Blood constituents are usually indicators of the health status of the birds. Stress induces heat exchange between the environment and the bird that includes heat production, body fluid adjustment, blood circulation, and hormone secretion. No differences were detected in any of the determined blood constituents including plasma contents of glucose and MDA activity in serum as a result to varying the feeding system (Table 4 ). The AF group showed increased (P = 0.048) blood glucose concentration and decreased (P = 0.0284) MDA activity compared to the AD and DI groups. In partial agreement, Farghly and Makled (2015) found no differences (P > 0.05) in all the analyzed blood constituents parameters between the intermittently fed and control chickens. Farghly et al. (2018b) reported no differences in the blood constituents including protein (total and fractions), glucose, cholesterol, and hepatic enzymes with changing feeding time of turkeys. In addition, Rajman et al. (2006) claimed that the frequency of feeding restriction did not affect blood glucose. Providing Muscovy ducklings free access to CW showed unique results in blood glucose, liver function, and antioxidative status. Compared with levels in the TW group, the blood glucose increased (P = 0.0116) and liver enzymes (aspartate and alanine aminotransferase) decreased (P < 0.05 or 0.01) in the CW group. The total antioxidant capacity increased (P = 0.0041), whereas the MDA activity declined (P = 0.0049) in Muscovy ducklings that consumed CW compared with those consumed TW (Table 4) . Similarly, Farghly et al. (2018a) stated that CW increased (P < 0.05 or 0.01) the glucose and total antioxidant capacity levels and reduced (P < 0.05 or 0.01) the activities of liver enzymes. Similar results were obtained by Park et al. (2015) , who reported that CW increased the blood glucose concentration.
The interaction between CW and AF resulted in the highest values of serum glucose and TOAC and the lowest values of AST and MDA compared with those of the other combinations (Table 4) . These results confirm that the combination of CW and AF feeding improved the liver function, antioxidative status, and the blood glucose level.
Body Temperature and Mortality
The data shown in Table 5 indicate that AF feeding depressed (P < 0.05 or 0.01) the body temperature and tonic immobility compared with values following AD and DI feeding. Consistent with our results, Farghly (2010) found that the body temperature of the AF group decreased (P < 0.05) more than that of the control at 4, 6, 16, and 20 wk of age by 1.9, 2.2, 2.7, and 3.0%, respectively. In addition, Farghly (2011) found that the average body temperature in the afternoon was significantly (P < 0.05) lower than those of control group at 8, 12, 20, and 24 wk of age.
Our findings showed that body temperature and tonic immobility were lower (P < 0.05) in the CW group than they were in the TW group (Table 5) . Similarly, Butcher and Miles (2003) reported that chickens with access to CW had better survival rates than those only had access to TW. However, Abioja et al. (2011) reported that water temperature did not affect the mortality of broilers during the hot-dry season.
The interaction effect was statistically different (P < 0.05 or 0.01) only for body temperature and tonic immobility, and the lowest values for these characteristics were associated with the combination of AF and CW treatments.
CONCLUSIONS
Based on both performance efficiency and physiological data, raising Muscovy ducklings during hot conditions in an open house with AF feeding and provision CW (AF × CW) is highly recommended. Our findings demonstrate that the simultaneous use of AF feeding and CW for raising Muscovy ducks is superior to other feeding and water system combinations.
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